Summary. Chromosomal analyses were made of 463 rabbit blastocysts drawn from thirty-nine superovulated does of four strains. Semen containing 1\m=.\5%diploid spermatozoa was taken from one strain only. 
INTRODUCTION
Chromosomal abnormalities are an important cause of early embryonic death in eutherian mammals. In man and in agriculturally important or laboratory mammals, estimates of the proportion of chromosomally abnormal zygotes range from 2-5% in the mouse to 10% in the pig (review: ). A greater amount and variety of data are required before embryonic loss of this kind can be fully assessed. It is also urgent to understand the aetiology of the meiotic and mitotic errors that give rise to chromosomally abnormal gametes and zygotes, with a view to controlling the incidence of abnormalities.
The rabbit is particularly favourable material. Many individual chromo¬ somes can be identified, the large blastocysts yield many cells for analysis, N. S. Fechheimer and R. A. Beatty semen is easily collected from males, and females can be induced to ovulate large numbers of eggs. We had set out originally to study the possible effects of chromosomally abnormal spermatozoa on the incidence of chromosomally abnormal zygotes. In a first phase of this work (Beatty & Fechheimer, 1972) , we had found that young males of the AD strain regularly yielded a particularly high incidence of diploid spermatozoa (1-5%). By differential centrifugation of the semen in a dextran-based medium, we had isolated a 'Fraction 2' with 0-4% diploid spermatozoa near the top of the centrifuge tube, and a 'Fraction 6-5' with 2-9% diploid spermatozoa near the bottom. If they are fertile, diploid spermatozoa should give triploid zygotes. Inseminations of 'fresh' (i.e. noncentrifuged) spermatozoa and of the two centrifuged fractions would be expected to give different incidences of triploid embryos. The results of such inseminations, described in the present work, suggest on the whole that diploid spermatozoa do not give triploid zygotes and other causes of triploidy are indicated. The work also yielded data on the sex ratio among normal (diploid) blastocysts.
MATERIALS AND METHODS

Animals
The rabbits, housed and handled uniformly, were drawn from the A, AD, AS and HS strains of Oryctolagus cuniculus bred and maintained at the Depart¬ ment of Genetics over the last 20 years. The inbreeding coefficient is about 0-3 (S. Hayter, unpublished estimate). The HS and AS strains are closely related. All four strains were used as dams, but the sires were drawn only from young AD strain males, with their high incidence of diploid spermatozoa.
Semen
Semen was collected with an artificial vagina. The 'Fraction 2' and 'Fraction 6-5' sperm suspensions extracted from the centrifuge tubes mentioned above were diluted with excess of the Solution F described by Beatty & Fechheimer (1972) , the supernatant was removed after centrifugation, and the 'buttons' of spermatozoa were resuspended in 1 ml Solution F to give the final inseminates.
'Fresh' semen was diluted 1:1 with 0-85% NaCl solution to a volume of 1 ml. (Table 2 ). An XY constitution was diagnosed when a single Y chromosome was present. The XX constitution was diagnosed by absence of a Y chromosome and the presence of 12 chromosomes in the (9 to 13 + X) group of medium-sized submetacentric chromosomes (see PI. 1, Fig. 1 ). The diploid cell line of some mosaics and aneuploids could be sexed chromosomally but these were excluded from the present section.
The relative numbers of XY and XX diploid blastocysts listed in Table 2 show a picture of complete statistical homogeneity. The data were analysed as a single 2 39 table, and also with partitioning into 'within' and 'between' the twelve treatment groups. Contingency 2 tests (and also 2 tests for hetero¬ geneity of departures from an assumed 1:1 ratio) all yielded values of 0-5 to 0-8. Additional tests showed no significant effect on sex ratio attributable to individual sires (a total of eight were used), to the number of blastocysts/dam (range eleven to fifty-three), nor to age of dam (range 6 to 30 months). Since sex ratio is evidently stable over all levels of the data, it is best estimated from the grand totals of 211 XY and 223 XX blastocysts, i.e. 48-62 ( + 2-40) % male, a figure which does not differ significantly from an assumed 1:1 sex ratio (P = 0-7 to 0-5). Fig. 4 ), of group 9 to 13 + X (submetacentric) in three cases (PI. 1, Fig. 3 ), and of group 5 to 8 (subacrocentric) in three cases (PI. 1, Fig. 2 Beatty, 1969) and is of the same order as the following estimates calculated or taken from the literature: 54-33 (±3-13)% (254) for the rabbit (Shaver & Carr, 1967 , 1969 ; 50-00 (±2-83)% (312) in mice (Vickers, 1969a) ; (±5-70)% (77) in the pig (McFeely, 1967 (1967, 1969) were calculated as 1-72% (58) after normal coitus and 6-85% (73) after normal coitus with simultaneous LH administration. The effect of LH in their work was non¬ significant, and the additional use of artificial insemination and FSH in our work evidently caused no further rise in incidence. Since FSH induces superovulation, the usefulness of this finding in terms of economy in the use of dams is obvious.
Strain differences and the incidence of heteroploid blastocysts
In man, the phenomenon of 'clustering', i.e. the occurrence within families of two or more individuals possessing chromosomal abnormalities (e.g. Hauschka Although the 'clustering' effect vitiates ordinary significance tests, the in¬ cidence of triploids after insemination with semen containing 2-9% diploid spermatozoa was actually less than after insemination with a fraction containing 0-4% and we, therefore, have no evidence that diploid spermatozoa contribute to the incidence of triploid zygotes.
There is also karyotypic evidence of origin. The numbers of XXX : XXY : XYY triploid blastocysts are 5:3:0 in our data; 3:7:0 in the rabbit after delayed fertilization (Shaver & Carr, 1967 , 1969 ; 2:0:0 in the mouse after delayed fertilization (Vickers, 1969b) ; and 2:1:1 in the pig (McFeely, 1967) . After implantation, the figures are 1:0:0 in the mouse (Vickers, 1969b) , and 26:44:4 in human abortuses (Carr, 1971 (Austin,. 1961) , this giving in the first place a two-celled oocyte with two haploid sets of chromatids in each half. Two mechanisms described by Beatty (1972) Trisomies. The four 2N+ 1 trisomies presumably arose by pre-fertilization nondisjunction, giving disomic gametes, since zygote non-disjunction would be more likely to lead to a mosaic. In two blastocysts, the extra chromosome was clearly an autosome of the number 17 to 18 group of acrocentric elements. The extra chromosome in the other two embryos however was in the group containing the X, and the possibility exists that one of these was XXY and one XXX.
When disomic gametes arise after meiotic non-disjunction, simultaneous production of nullosomic gametes would be expected, leading to monosomic zygotes. The absence of the latter in our small series may be due to sampling error, but Shaver & Carr (1967 , 1969 also found no pure monosomics among 274 rabbit blastocysts. Nullosomic gametes or monosomic zygotes may there¬ fore be at a disadvantage in the rabbit. Hofsaess & Meacham (1971) reported one monosomic and one monosomic/trisomic mosaic in the rabbit, but their finding of (apparently) 50 % heteroploid blastocysts among eighteen analysed is puzzling. Diploid)aneuploid mosaics. These comprised four 2N/2N+1 (1 XX and 3 XY), and one 2N/2N-1 (XX), the sex chromosomes being those of the 2N com¬ ponent. The first four all came from HS dams and were recovered in a 1-month
